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IJ3STRACT, A r.:ccc~L of t h e  i n t e r a c t i o n  between t h e  s o l a r  wind 
c-,es . Ldiur;l, based on t h e  assumption t h a t  and an i n t e = s z  - 

Cczloc;b  c c l  l i s i c , i s  2i-eclozlinate i n  i n t e r s t e l l a r  ga s ,  i s  
dcsi9nei and de2cr i5cd ,  ~ ~ d r o d ~ n z d c  equa t ions  are used t o  

e.. d e s c r i b e  t:.;;s x,oxir, 

,-. 
C3:3e--7-- . ;i,*en-LnL - inves'iLgci.cf ons  of  i n t e r p l a n e t a r y  plasma by space  v e h i c l e s  hbve /&: 

eszab l i shed  ehe  f a c t  of  zhe e x i s t e n c e  of  a supersonic  f low of  plasma from t h e  

sun, T h e  r e s u l t s  of t h s s e  inves-c iga t ions  do not c o n t r a d i c t  t h e  e x i s t i n g  t heo ry  

concerning t h e  s o l a r  wind ( s e e  [I, 23 ,  f o r  example). Accoiding to GodayBs 

cccepred s o l a r  wind rheoi-y, t h e  plasma from t h e  s o l a r  corona h a s  a l r e a d y  reached 

supersonic  speed at a skor-c d i s t a n c e  from t h e  sun (of t h e  o r d e r  o f  a few solar 

r a d i i ) ,  t h e  resc l -L  o f  thexiqal expansion, a f t e r  which t h e  speed r a p i d l y  approaches 

t h e  asyizLote, Th i s  s2eed can be  t aken  a s  cons t an t  f o r  a d i s t a n c e  equal Do one 

as t ronomica l  u n l t  (BU) ,, ag~roxiaa"cely,  so  i n  t h e  c a s e  o f  a s p h e r i c a l l y  spme t r i -  
2 

c a l  f low There Is a r educ t ion  i n  d e n s i t y  a s  l/r ( r  is t h e  d i s t a n c e  from she  sun) ,  

According t o  Parker  [l], rhe magnetic p r e s s u r e  of  t h e  t o t a l  magnetic field o f  t h e ,  
2 

sun a t  gre;r h e l i o c e n t r i c  d i s t a n c e s  t o o  drops a s  l/r , s o  t h a t ,  because of i t s  

smal,ness a s  comaared w i t h  t k e  dynm,ic p r e s s u r e  o f  t h e  s o l a r  wind, t h e  B a t t e r  

cacnoe slow down t h e  s v n 9 s  m a ~ a e z i c  f i e l d ,  

The reductlo;., i n  i;ke :;.,ass 2 e n s i t y  p has t h e  r e s u l t  of  making "@he solar w i n d  

? r c s s u r e  i aTsc~f  icienz f o r  ;ti3 so;a;- wind t o  push i t s e l f  i n t o  t h e  ira-kersteilafi  

xediurn at c e r t a i n  dis*cances "-an r h e  sun, 

Accorl icg Ca kodayqs hy>otheses ,  d e c e l e r a t i o n  of  t h e  s o l a r  wind is  the r e su lz  

o f  i t s  i n t e r a c t i o n  wit11 t h e  i rLtersDe11ar  magnetic f i e l d ,  w i t h  i ~ a t e r s t e l i a s  g a s ,  or 

145th cos~fiic rays ,  Fro3 t h e  assessments  made i n  surveys  [3 ,  41, as w e l l  as i n  re -  

fe-wee C5I9 5t follows t h a t  t h e  donain of s t rong  d e c e i e r a t i o n  of t h e  s o l a r  wind 

. " -- 
1, 2:-cse;;l;sd by i.c=ade:x;c;al-, G, 11, ?etrsv, 20 February 1970, 

* s ~ ~ s ~ ~ - ~  in ..-- ,..,,,,,,, -- - .,- rl:;tLcaCe pagination i n  t h e  origlina,i t e x t ,  



7 - 3 2 5 1 . ; ~  a-t i ; i @  Llcioci?n",ri dci-stscce; r - i O  - 100 AU,  depending on t h e  n a t u r e  o f  

. . 
ihe L y j a t n c s ; s  advazced, And t h e  n a t u r e  of t h e  i n t e r a c t i o n  depends heav i ly  on 

. . 
-6'2 C c ~ r e e  of l o n l c a ~ i o ~ 2  oL t h e  i n t e r s t e l l a r  medium. 

Today, the le<>:-ee -to uh:cb t h e  i n ~ e r s t e l l a r  gas  i n  t h e  v icxniay  of t h e  s o l i r  

s)-S,i;-. i s  ionize2 i s  vir- tuc; ly  unlmown. However, assessments  b1;3sed on t h e  s c a t t e r -  

i . > ~  o f  so1z:- L - r a d i a t i o n  in c a l a c t i c  hydrogen [63, a s  we l l  a s  :he t h e o r e t i c a l  
C' 

CCT.:*LL~~~OT, zac?e ;.'or t h e  X I 1  zone Zor t h e  sun [7],  us ing  rocket  naeastirements of 

" c ? . ~  ~ G T  S O ~ L -  ul-c~avio;ek s2cc-;rs;.n, have it t h a t  t h e  zone of alanost t o t a l  i on i -  

r a t i o n  o f  t h e  :-.yd:open ex teaks  f o r  a d i s t a n c e  of a t  l e a s t  lo3 AJ. Moreover, the 

i r - t e r s t e l l a r  gas  I2 -i%e v5cinFty of t h e  s o l a r  system can be  ion ized  by r a d i a t i o n  

from t k e  c l o s e s t  t o x  s t a r s  (such a s  yVkl and SPup, f o r  example)1, 

,ne aode:, wl<Fch is  suggested and designed i n  what fo l lows ,  is  based an t h e  

assuxpt iun  zha t  CouloziS coZ;isions predominate i n  i n t e r s t e l l a r  gas, 

We sha l l  tzke :t t h a t  t h e  s o l a r  wind is  s p h e r i c a l l y  symmetricaL i n  t h e  v i c in -  

ity of  t h e  sun, n.7~ we shafL cons ide r  i t s  i n t e r a c t i o n  wi th  t h e  i n t e r s t e l l a r  gas 

rnovl~g  r e l a t i v s  -Lo -;he sEn, Ti2.e problem then  w i l l  have c y l i n d r i c a l  smmetry,  

W e  s > . ~ i . L  a s scae  Ch&: -the flow can be descr ibed  by hydrodynasnic equat ions,  

n: : Aa.As assum?iion seems fros t h e  fac t  t h a t  s o l a r  wind i o n s ,  considered as probe 

~ c s s  moving i n  t h e  LieZd of charged p a r t i c l e s  of  t h e  i n t e r s t e l l a r  medium, l o s e  * 
A .  br,e;r - d i r e c t i s f i a l  monrentum ahnost  conp le t e fy  and t r a n s f e r  it t o  t h e  e l e c t r o n s  /" - 
- 0 7  .uJ of ?;he i n - t e r s t e l l a r  p l a sxa  a t  d i s t a n c e s  I; 5 1 AU ( t h e  comp~l t a t io~ ; ,  assumes t h e  

d e c s i t y  and t h e  tem>cra7cure of  t h e  i n t e r s t e l l a r  medium equal  t o  3 
P 1 = g/cm , 

T, = ~ * ; G ~ ' I < ,  and :he v e l o c i r g  of  t h e  s o l a r  wind t o  be  v = 3.10~ 4,). The 
Y 2 

e;ecdcrons, i n  t u r n ,  d e c e l e r a t e  rile i o n s  of  t h e  i n t e r s t e l l a r  medium, Moreowe*, 

when two ?lasn?a f lcvs merge, bem i n s t a b i l i t y  can r e s u l t ,  and ' t h i s  too can 

ds-~efir , inc s c a t t e r i n g  of charged p a r t i c l e s ,  These processes  can be cohsidered t o  

be  e f f e c t i v e  c o l L i s l o c  xechar.isms, precluding t h e  p o s s i b i l i t y  a f  t h e  e x i s t e n c e  

o>:ulzispeed s z r e a n s  oZ I cn i zed  gas ,  and t h e  p o s s i b i l i t y  o f  t t e  mutual penetra- 

-- < e ,ez  of f;ows with t h e  sa~.,s s?eed, A t  t h e  same t ime,  as w i l l  be shobabi i n  what 
. . 

folkows, - k t 2  char~cter; ,*~e s c a l e  of t h e  phenomenon has an  o r d e r  of  magnitude 
. - aZ -tez as-crc.:an;zz, ~ z i t s ,  

rp *, - " *.&e ssla;- WLEG clzl 'ike tt:-ezi3 OZ i n t e r s t e l l a r  gas move a t  supersonic  speeds, 



,-. 
L , I ~  ;'iach nu::b~,.r K = a ds a scad a3proximation f o r  t h e  s o l a r  wi rd ,  so  i f  w e  

2 
r&s <he -;cs?e;;t;ri c. : L . t  ;:iar,taLlar g a s  a s  T < 5-10~'~, 2nd its velocity 

1 - 
~s v - 20 ~z-n/s, ws 03;~i;z I<., 2 2 f o r  t h a t  gas. F igu re  1 is t h e  qual l ta ' c ive  

i I 

i_z:,:21-cssion of ';he ;low I-?. ,s , , ,rn~ - T " - - -  fronl t h e  i n t e r a c t i o n  o f  supe r son ic  f i sws ,  3;a~o 

SLGC;C. w:,ves a r e  fca7ed, wi-ch  ?;:he i n t e r s t e l l a r  ga s  pass ing  through one, and tile 

sole-  wind t h r a u ~ h  zhe ot..*-- ..it-- a 

fly, ~ a s  is compressed i n  t h e  l a y e r  betweefi the shock 

waves, and I ts  d e n s i t y  is s i g n i f i c a n t l y  g r e a t e r  than thaa 

0 1  xi-ie s u r ~ o a r * - -  .Li..g medium. Busemannrs metfiod c m  be 

used to a r r i v e  a t  a  rough approximation of the shape of 

* 7 ~ n i s  ooinp-essed l aye r .  Taking t h e  Payer  o f  g a s  between 

%he sZcck waves a s  t h i n  (a s u r f a c e )  and assmisag thac khe  

gas  sreLoci-cy a c r o s s  t h e  l a y e r  does n o t  change, w e  can w r i t e  

t h e  1s-w f o r  t i le  conse rva t ion  of  momentum i n  t h e  gas layer i n  

-- L:,L C, 3 p r o j e c t i o n s  on t h e  normal and t angen t  to the layer in a 
-. 
2 zgure  1 

he; iocent r ic  system of  coo rd ina t e s  a s  

2 , .'7'UI . 
p,~:~, P ~ V X I ,  - t -  iir sin cpg v 

( I  
---; (i':lvl) = 2;ir sin (p jp,~~l,v,T 4 9 3 ~ 2 , ~ ~ Z r ) .  

(11 
(1 e 

Sere 2-q -1 
p : i . ~  V- a - 2  t h e  densf ;y  and -the v e l o c i t y  of  t h e  i n t e r s t e j - i a r  g a s ;  p 2  a d  

.L 

v a-c t h e  skze ~ca~ci t i i c2es  fo; -ihe s o l a r  wind; m is t h e  mass a:: gas e n t e r i n g  
% 

2 
- $ ,  -" Layer Is zsXZ L i ~ c  5-oa the s o l a r  wind and from t h e  i n t e r s t e l l a r  medium; 

" ds . - - p -  -. i o G L c ;  02  c u r v a t u r e  o f  t h i s  s u r f a c e  ( t h e  second tern an  t h e  r i g h t - h a n d  

s i d e  of ehe first equa-<ion ts t h e  c e n t r i f u g a l  f o r c e  a c t i n g  on t h e  gas inside the 

dozain of interac- ion); v h s  t h e  mem v e l o c i t y  of t h e  g a s  a long the surface of 1 
d i scon t inx i lyq  %he indexes  n and T r e f e r  t o  t h e  p r o j e c t i o n s  of  che corresponding 

ve;oci tkes  on t k e  iwrnal and the t angen t ,  r e s p e c t i v e l y ;  r and a are t h e  polar 

ccordiiqa-ces of t h e  s u r f a c e  r e p l a c i n g  t h e  l a y e r  of g a s  between t h e  shock waves /43  

; 7 ~ ~ ; ~ - a  2 ) ,  Ti-ie aa~;mrl"Ludcs m and R a+-e found through t h e  fomuias (the primes 



12x2-odueing angle  x between t h e  d i r e c t i o n  of  velocity 

v- 2;;- " G ~ G  -,cngen.t -co t h e  su r f ace ,  a s  w e 1 1  as angle y -- -1- A. 

\<7 T ,' 
fi. aecwacn she d i r e c t i o n  of t h e  normal t o  t h e  surface aca t h e  

direc-:ion 0 2  t h e  r a d i u s  v e c t o r  ( ~ i ~ u r e  21, and dropping 

- vL( n and B from Eqs. (1) and (21, we o b t a i n  t h e  equat ion  
. . 

2;rrisin cp (plz?: sin s cos x + p,oi ai n y cos 3 )  = 

, i: 2xr sin ci, ( r z  + rfz)"l* 
E 

2 ' 1  (rz  -!- 3 r f L  r r" )  
X 

x (f)lz): sir13 -- P 3 ~ i  COS*~) 
9 

vJ3- *.,ell, : &itc;- c o n p t z t r o r ,  of t h e  r e l a t i o n s h i p s  

:ns a = t g [ x / r !  -cp $- n r c t g ( r ' / r ) ] ;  
t g g  = r f / r ;  

ui, := v, S ~ J L  5; U , T  = UI cos ;c; v2,, = uz cos y; 
Uz, = Uz Sir, y, 

cni2 32 reduced t o  a comslex, zo;?linear, d i f f e r e n t i a l  equat ion  of t h i r d  o r d e r  re- 

l a t i v e  t o  t;:c funcsioa s = r (v) ,  establishing t h e  shape of  t h e  interface between 

-- d.e ,- two plasnsa flows, This  equaliion, i n  dimensionless  form is (because of t h e  

~u~zbersorne f o m  of  t h e  e q b a ~ i o n  obta ined  it w i l l  b e  w r i t t e n  i n  genera l  form only)  

2 e r e  el, Q2 a r e  known i u n c r i o n s  of  their arguments; r is t h e  h ts l iocent r ic  dis- 
0 

z,mce t o  tile s u r f a c e  of  & i s c o n t i n u i t y  when = 0 ;  t h e  magnitude r c m  be deter-  
2 

0 
mined Xrom t h e  r e l a t i o n s h i p  - 

Plvi - PZv2 (which fo l lows  from t l n e  f i r s t  sf %he 

equasions st (1) when Q = 0 )  when t h e  equat ion s f  c o n t i n u i t y  f o r  a spherically 
2 

spmezr fca l  soiar wind pvr = constant (V = c o n s t a n t )  is used,  f 

Bq, (5) i s  solved n u x e r i c d l y  f o r  t h e  boundary c o n d i t i o n s  

Tl;e scconl  conditicia of  Eq, ( 6 )  i s  t h e  cond i t i on  of symmetry f a r  xhe problem, 

~ 2 2  z~?e  third coi2l i t ion ndces it p s s i b l e  t o  move away from t h e  s i n g u l a r  point  

7 , r = r ;t+:~en 5 ,  t h e  L-atie is  an  i n d e t e m i n a n c y  o f  t h e  form 0/0) a 
&lo:;  he f :.-;esr;; cu;-.rc q ~ s s i n g  -&rough t h i s  po in t ,  and t o  numerically i n t e g r a t e  
- - 
q 5 ;,,i,:,:l be ;c&,;:eL c:+.-, t h a t  the r ight-hand s i d e  of  E:q, ( l i ; ) ,  obtained 
" h c-~roug% Zqs, (3;  (id), conta ins  ao d i ~ e n s i o n H e s s  parameters,  and t h a t  a l l  



Z- = --oS!oj curves ,  definee by r h o  s o l u t i o n  f o r  Eq. ( 5 )  f o r  t h e  boundary c o n d i t i o n s  
- .. . . -  

c: ~ q ,  (61, arc  ~ ; a m , & ~  t o  C L C ~  o t h e r  ( r  w i l l  depend on t h e  r e i a t i o n s h i p  
2 2,  

0 
; - ' J .  G A ? ~  p V 1 -  
i A 2 2 

To;* 
T l s t r e  3 shows t h e  r e s u l t s  of t h e  numerical computation 

~ I z s  func-cion E; = 5 ( 9 ) .  The ang le  between t h e  p l m t ~ c a f  t h e  

c c l i ~ t i c  &ad t h e  d i r e c t i o n  o f  movement of  t h e  sun r e l a t i v e  to 
. " 

\ i i.23 n n t e r s z e l l a r  inedium i s  des igna ted  i n  t h i s  f i g u r e ,  The 0 

/ ~f67 &is-tance t o  t h e  s u r f a c e  of  d i s c o n t i n u i t y  axon g t h e  beam 

,' 9 = q, is -<he d i s t a n c e  t o  t h e  s u r f a c e  of  d i s c o n t i n u i t y  i n  t h e  
P 

p i a r e  of t h e  e c l i p t i c .  

F igure  3 Ti, 

i>?e m e a s ~ r e a e n i s  show t h a t  9 , 53 - What fo l lows  f r o m  

A ~. .e  L coix?urations, thcro:ore, is r h a t  5 (v,)/~ (0) = r(q0)/r0 FJ 1.2- 

T i s u r e  4 s h o w s  t h e  r e s u l t s  of  t h e  computation f o r  r i n  t e r n s  o f  s o l a r  w i n d  
0 

velocf  1x1, I T  v f o r  va r ious  p a r t i c l e  concen t r a t ions ,  n i n  t h e  e a r t h ' s  o r b i t ,  add 
212& 3 2' 

when 0, - It0 g/cm , v7 - 20 k~ii/s* 
... & 

-24 
S p e c i f i c a l l y ,  when v 2 - 3 .10~  cm/s, and p2 " 5.10 

3 / 

g/cm cn2 - 5 I ; we have r - 35 AU. The d i s t a n c e  ro 
0 

zhe  s u r f a c e  of  d i s c o n t i n u i t y  i n  t h e  plan~e of  t h e  e c l i p t i c  
9, 

in ""2 ~,.&s c a s e  is r - 35.1.2 * 42 AU, t h a t  f s ,  t h e  surface o f  

 isc continuity is  somewhere i n  t h e  v i c i n i t y  of t h e  orbit 

k' / of P lu to ,  This d i s t a n c e  w i l l  decrease  a t  lesser veio- 
I 
i b 7  z./J~ ~:,o/&>(s c i t i  ,es,  o r  at l e s s e r  d e n s i t i e s ,  o f  t h e  s o l a r  wind, natzr- 

%-- . . -. a l l y ,  p xgarc 4 
6 

It should be pointed o u t  t k a t  t h e  assumption wi th  r e s p e c t  t o  the l a y e r  

b e t w e e n  t h e  shock waves being narrow w i l l  be upse t ,  obvious ly ,  for large ang le s  

g, Ykc oucer  s!ioc!c. wave gas ses  t o  i n f i n i t y  and degenera tes  into; a c h a r a c t e r i s t i c ,  

whiLe Che i n n e r  c l o s e s ,  
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